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Potential  Application  for  Chiral  Polymers: 
Chiral  Core  Optical  Waveguides 
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ISOTROPIC  CHIRAL  MEDIUM 


Constitutive  Relations 
(Drode-Born-Federov) 

Bohren’s  Decomposition 
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Wave  Equation 

Eigenmodes  in  bulk 
material  circulariy  polarized 
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Refractive  indices 
for  RH  and  LH 
waves 


Rotatory  Power 
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General  Solution  for  Modes  in  Chiral  Asymmetric  Waveguide 


F^{y,z)  =  ^(.V)exp(-//:oAi  z) 
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Modal  equations:  (3  equations  to  be  solved  simultaneously  for  g,  h  ) 
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Parameters  g,  h  determine  eccentricity  of  polarization  ellipse  for  transverse  E-field: 
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Bulk  Rotatory  Power  (deg/mm 


Synthesis  of  the  Chiral  Amide  Monomer 


[R]  or  [S]  amide 


Monomer  Preparation  [2,5-Dichloro-N,N*-bis-(1-phenyl-ethyl)-terephthalamide] 

2,5-dich(oro-terephthalic  acid  (20.0g,  85.1  mmol)  was  refluxed  in  thionyl  chloride 
(100  ml).  After  6  hours,  the  thionyl  chloride  was  removed  under  reduced  pressure  to  yield 
the  product  in  near  quanitative  yield  and  was  used  without  purification. 

The  acid  chloride  (5.0  g,  18.4  mmol)  was  dissolved  In  dry  toluene  (50  mL)  and 
triethyl  amine  ( 5.1  mL,  2  eq.)  and  [R]  1 -phenyl-ethyl  amine  (  5.0  mL,  2.1  eq,  38.6  mmol) 
were  added.  The  reaction  mixture  was  stirred  overnight  and  was  then  filtered  to  yield  the 
amide  in  -95%  yield.  The  resulting  solid  was  recrystallized  from  acetonitrile  three  times  to 
afford  a  polymerization  quality  monomer. 


Poly(p-Phenylene)  with  Chiral  Amide  Side-chains 


Polymerization  Conditions 
A  suspension  of  anhydrous  NiCl2 
(0.1 47g,  1.13  mmol),  2,2’  bipyridene 
(0.1 77g,  1.13  mmol),  triphenyl- 
phosphene  {1.89g,  4.53  mmol),  and 
zinc  powder  (0.370g,  5.66  mmol)  in 
DMAc  (50  mL)  was  heated  to  50  C  until 
it  has  obtained  a  red  color.  To  that 
was  added  the  amide  monomer  (5.000 
g,  1 1.33  mmol).  The  reaction  mixture 
was  heated  to  90  C  for  24  hrs,  then 
precipitated  into  1M  HCI.  The  resulting 
solid  was  re  precipitated  from  acetone 
into  water  several  times  to  yield  a  white 
polymer  (74%). 


Sample  DI  1605-09 


NMP  solvent 


Optical  Film  Preparation  Technique 


NMP  (N-methyl  pyrrolidinone)  was  used  to  make  the  20  wt  %  solutions 
poly(p'phenylene)'s.  Films  spun  from  NMP  at  2000-3000  rpm  were  1  - 
to  2-mlcrons  thick  (based  on  reflected  light  interference  patterns),  and 
remained  crack-free.  The  drying  program  for  the  films  was  70  C  under 
dry  nitrogen  overnight. 

[Note:  20  wt.  %  polymer  solutions  in  cyclopentanone  gave  films  with 
cracks  at  the  edge  that  within  two  days  propagated  throughout  the  film, 
preventing  optical  characterization.  Its  lower  boiling  may  have  been  the 
problem.] 


Estimating  Intrinsic  Rotary  Power  of  the  Chiral  Amide-PPP 
via  Solution  Polarimetry 

Intrinsic  Rotary  Power  was 
estimated  to  be  -71  °  in  a 
UV-Vis  spectrometer 
experiment  passing  a  beam 
of  light  at  625  nm  through 
sample  solutions  between 
rotating  crossed  polarizers, 
and  measuring  the  change 
in  transmission  between  a 
sample  of  pure  solvent  and 
a  sample  of  polymer 
solution. 

Solvent:  Cyclopentanone 
Concentration:  0.1 8  g  /  mL 


Equation  form:  %T  =  cos^  (rotation  angle  -  phi)]  where  phi  -  phase  shift  between  pure 
solvent  and  polymer  solution  for  a  1  cm  path  length.  Note:  IRP  is  per  10  cm  path  length. 
[A  positive  phase  shift  is  counterclockwise  along  propagation  direction.] 


